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Professor of Civil Engineering, Jadavpur University, Calcutta, India Lecturer in Civil Engineering, Jadavpur University, Calcutta, India 
SYNOPSIS Investigation of collapse of a five storey residential building in Calcutta is described. 
The failure occurred soon after construction but, fortunately, before occupation. Detailed soil in-
vestigation revealed that a bowl-shaped depression, 5. 5 m deep, existed in the collapsed building area 
whichwassubsequentlyfilledup. Thefoundationra.ftwasplaced 5.325 m below ground level and the sub-
sequent filling put an overburden pressure of varying magnitude resulting in non-uniform pressure on 
the subsoil. This was apparently not considered in design. Factor of safety was found to be low 
against bearing capacity failure and the building tilted towards the heavier load concentration. 
This caused over-stressing,in structural elements which gradually failed and ultimately led to the 
collapse of the building. 
INTRODUCTION 
A six-storey apartment building collapsed soon 
after construction near Calcutta in June 1990. 
The building was one of a group of 13 buildings 
being built for a residential complex. It was in 
its finishing stages and was soon to be occupied. 
Fortunately, no loss of life occurred. A detailed 
failure investigation was carried out to ascer-
tain the cause of collapse of the building -
particularly with a view to determining if the 
remaining buildings at the site would be safe for 
occupation. 
LAYOUT OF BUILDINGS 
Fig. 1 shows the layout plan of the building com-
plex at 5/7 Buroshibtala Main Road in south-west 
Calcutta. In all, there were thirteen buildings 
in various stages of construction, Table z. 













Building partially collapsed and 
subsequently demolished. 
Construction yet to be started. 
Only foundation work done. 
NATURE OF COLLAPSE 
The collapsed building, No. 4, formed part of a 
group of three buildings which were built almost 
touching one another near the eastern part of the 
site. The building had collapsed towards the 
north-west corner - one late evening. Although 
the adjacent building 3 was found to remain un-
affected the northern part of building 5 was 
severely damagedd during the collapse. 
A visit to the site after the collapse revealed 
that the building had tilted heavily towards the 
N-W corner prior to collapse and had dragged along 
with it a part of building 5 which had to be demo-
lished later. 
METHOD OF INVESTIGATION 
An investigation of failure was commenced soon 
after the collapse of the building with the 
following terms of reference : 
a. Detailed soil exploration would be done to 
determine the subsoil profile at the site and 
its variation at building locations and to ascer-
tain the engineering properties of different strata. 
b. Excavation would be done to expose the foun-
dation of the collapsed building to determine the 
type of foundations provided for the building. 
c. Foundation analysis would be done to inves-
tigate the status of foundations and to determine 
if the collapse was due to any deficiency in the 
foundation. 
SOIL INVESTIGATION 
Soil exploration was done with 12 nos. 15-25 m 
deep boreholes, 14 nos. 10 m deep dynamic cone 
penetration tests, in-situ standard penetration 
tests within boreholes and laboratory tests on 
disturbed/undisturbed samples collected from the 
boreholes. 
The boreholes were done at locations indicated 
in Fig. 1 to determine the subsoil stratification 
at the building site and to collect disturbed/ 
undisturbed samples for testing. The borehole 
locations were so chosen as to get sufficient 
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data for analysis of collapsed building and to 
determine the status of foundation of the others. 
The dynamic cone tests were done to ascertain 
the variation of soil strata within the top 10 m 
particularly in the vicinity of the collapsed 
building. These data along with the borehole 
observations, would give the nature and extent of 
filling, if any, near the different building blocks. 
The soil profiles as revealed by the boreholes 
are shown in Figs. 2 and 3. Fig. 2 gives the soil 
profile in the area surrounding the collapsed 
building, while Fig. 3 gives the soil profile in 
the rest of the area. There appears to be some 
distinct difference in the soil profile in the 
vicinity of the collapsed building and in the 
rest of the area. 
The subsoil in the collapsed building area, 
consisted of a heterogenous fill of brickbats, 
rubbish, fine sand and a blac~dark grey peat-
like substance with high organic content. This 
was followed by successive layers of silty clay/ 
clayey silt overlying medium to dense sand approx. 
12 m below ground surface. The depth of fill at 
various locations near the collapsed building is 
shown in Table II. The fill was maximum near 
Borehole 3 (5.5 m) and gradually decreased on 
all sides. 
The soil stratification in the rest of the area 
was fairly uniform with some variation in the 
thickness of individual stratum. 
A comparative study of the soil profiles in the 
collapsed building area and the rest of the site 
showed remarkable similarity of soil stratifica-
tion below 6 m depth. Even the soil of Stratum II 
TABLE II. Depth of Fill at Borehole Locations 







- which occupies most of the area immediately 
beneath the top soil is found to exist in the 
collapsed building area with a well-defined bowl-
shaped profile. 
It was apparent that a bowl-shaped depression 
existed in the vicinity of the collapsed building 
which was later filled up. The major component of 
the fill was a light-weight dark grey granular 
material with very soft consistency. It was not 
a geological material in the sense that it did 
not come from a naturally occurring soil. From 
visual observation and from elementary tests like, 
burning the material appeared to a factory waste, 
predominantly rice husk. 
The depth of fill at different locations could 
be obtained from the borehole and the SPT data. 
Further information could be obtained from the 
DCPT results which, when correlated with thebore-
hole observations give indications of the depth 
of fill at locations where no boreholes were done. 
Table III gives the depth-wise variation of DCPT 
data at 14 locations. The Nc values are particu-
larly low (less than 2) down to some depth in 
locations 1,2,3,4,5 and 14 while the values are 
considerably higher in other locations. 
TABLE III. SUmmary of DCPT Data: Nc(blows/30 em) 
Depth Test Location 
(m) 1 2 3 4 5 6 7 8 9 10 1l 12 13 14 
1.5 3 2 2 3 2 3 3 4 12 3 3 3 3 6 
3.0 2 4 1 2 2 6 7 8 3 4 4 6 5 1 
6.0 7 8 1.5 4 6 10 8 9 5 6 7 10 7 3 
8.0 8 7 3 11 8 20 9 15 14 7 7 14 9 9 
10.0 9 20 10 15 15 20 10 20 15 10 10 15 15 18 
A comparative study of the borehole data as we 
well as the SPT and DCPT values clearly show the 
presence of filled up soil in the area surround-
ing the collapsed building. The rest of the area 
did not give evidence of any filled up soil. 
There, of course, was a top soil at all borehole 
and DCPT locations of thickness varying from o.s-
1.5 m. 
An attempt has been made to draw an approximate 
contour plan of the bottom of the fill in the 
collapsed building area - based on the field ob-
servations. The plan, thus obtained, is shown in 
Fig. 4. Although some interpolation had to be made 
to draw the contour plan it gives a fair repre-
sentation of the depth of fill at different loca-
tions. It is apparent that the fill extended over 
most of the area covered by the three buildings 
in the collapsed zone. The maximum depth of fill, 
5.5 m, was, however, found just west of the coll-
apsed building. The depth of fill varied from Sa 
to 2 m from west to east under the collapsed 
building. 
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Fig. 5 shows the soil properties in the collapsed 
building area as obtained from laboratory tests. 
The ground water table, on average, was 2 m 
below G.L. 
FOUNDATION ANALYSIS 
All the buildings at 5/7 Buroshibtala Main Road 
had similar structural arrangement with R.c.c. 
frames supported on two-way interconnected strip 
foundations. However, the subsoil condition in 
the collapsed building area being different from 
the rest of the area separate foundation analysis 
was done for the collapsed building. 
The plan of the collapsed building is shown in 
Fig. 6. The building covered an area of 8 mxlS.Sm 
having symmetry about the staircase block. There 
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were 12 columns in the building frame. The found--
ation details were obtained from excavation done 
at the site after the collapse, Fig. 7. The col-
umns were supported on 1.2 m wide R.c.c. strips 
running east-west with interconnection in the 
N-S axis. The columns on either side of the 
staircase block were placed on a 6 mx 4 m grid 
( approx.) with a 2 m wide cantilever in the north-
ern and southern faces. The vertical loads on the 
columns of the building frame as calculated from 
structural details are shown in Table IV. 
It will be evident from the foundation details 
shown in Fig. 7, that - although the columns of 
the building frame were supported on two-way in-
terconnected strips - the foundation as a whole 
would behave almost as a raft foundation placed 
5.325 m below existing G.L. The equivalent raft 
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TABLE IV. Loading data 
Col. Mkd. D.L. 60% L.L. Design Load 
c1 97.1 9.5 106.5 
c2 66.2 10.7 77.0 
B1 153.5 15.4 168.9 
B2 119.5 15.6 135.1 
A1 75.0 9.2 84.2 
A2 84.4 5.9 90.3 
rectangular openings of 4.8 m x 2.8 m each. The 
openings covered only 37% of the area of the raft. 
The pressure in the subsoil from the strip foot-
ings would overlap within a shallow depth below 
the footings thereby giving the effect of a raft 
foundation so far as the stresses in the subsoil 
were concerned. It was further observed from the 
foundation details that the underside of the raft 
was placed 5.325 m below existing ground level. 
The area under the collapsed building - as 
already pointed out - had a bowl-shaped depre-
ssion which was subsequeiitly filled up. From the 
contour plan of the bottom of the fill, F.i,.g. 4, 
it is possible to draw the original ground pro-
file in the E-W direction under the collapsed 
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FIG.S Soil Properties 
building area, Fig. 8. It would appear that the 
depth of the fill varied from 5 m on the western 
face to 2 m on the eastern face. The foundation 
raft was placed at 0.325 m below original G.L. 
at the western face of the building and excava-
tion of varying depth - upto a maximum of 2 m at 
the eastern side - was made to build the founda-
tion. The area was subsequently filled up with 
the factory waste to arrive at the finished 
ground level. With regard to the net foundation 
loading, therefore, a fill of varying depth - 5 m 
on the western side to 2 m on the eastern side -
is to be considered on the foundation raft. This 
would give additional foundation pressure of 7.5 
tjm2 to 3 t/m2 due to the overburden. The back-
fill upto the original ground profile was actu-
ally a replacement of the excavated soil and need 
not be considered as an additional load on the 
subsoil. The net foundation pressure below the 
raft may thus be obtained by considering the 
superstructure load and the backfill load separ-
ately. The data are shown diagrammatically in 
Fig. e. 
Bearing Capacity and Settlement Analysis 
The influence zone beneath a 15.7 mx 9.2 m raft 
foundation - for bearing capacity analysis -
would extend to about 7 m below the underside of 
the raft, i.e. 12.3 below present G.L. This would 
involve essentially the soil of Strata III and IV. 
The ultimate bearing capacity of the foundation 
may be worked out at 18.6 t/m2 from the proper-
ties of Stratum. III (Cu = 3 t/m2) which is the 
dominant stratum within the influence zone. The 
factor of safety on the average foundation pre-
ssure may then be obtained as shown in Table v. 
TABLE v. Factor of Safety 
Loading ~lt(n) qnet F.S. condition 
(t/m2 ) (t/m2 ) 
D.L. only 18.6 13.5 1.40 (incl. backfill) 
DL + LL 18.6 14.4 1.30 (incl. backfill) 
The calculated factors of safety are well 
below the minimum value 2.5 normally adopted for 
building foundations. Even considering that the 
live load in the building was yet to be applied 
the factor of safety with respect to dead load 
only was no greater than 1.4. 
It is to be appreciated here that a factor of 
safety of 1.4, although not acceptable, should 
not automatically mean collapse of the founda-
tion. However, considerable yielding of the soil 
would have taken place beneath the edge of the 
foundation resulting in significant plastic de-
formation of the soil. This would lead to tilting 
of the building towards the heavier stress con-
centration. It is likely, therefore, that the 
building soon after construction began to tilt 
towards the heavily loaded western side consequ-
ent upon the low factor of safety against bearing 
capacity failure. 
The total settlement of foundations on clay 
designed with adequate factor of safety against 
bearing capacity failure is given by the sum of 
the immediate (elastic) settlement and long term 
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:onsolidation settlement. 
The immediate settlement of the foundation of 
~he collapsed building would consist of the elas-
~ic deformation of Stratum III and the settlement 
)f the sandy soil of Strata DJ and V enclosed 
fithin the influence zone. 
The immediate (elastic) settlement of the foun-
iation due to the cohesive soil of Stratum III has 
)een obtained by Boussinesqanalysis.Calculations 
lave been made separately for the uniformly dis-
;ributed load of 11.3 t/m2 and a triangular load-
Lng. The settlement, thus calculated, has been 
ldded to the deformation caused by the sandy soil 
lf Strata III and IV, to get the immediate settle-
~ent of the foundation as 43 mm in the eastern 
:ace and 37 mm in the western face. 
The long-term consolidation settlement of the 
:oundation is given by the compression of all re-
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i.e. o. 7 m of stratum II and 4 m of Stratula III-
the compression of the sandy soil of Strata IV and 
v being already included in the :i.mlaediate settle-
ment. Calculations were made separately for the 
eastern and western faces of the foundation to 
account for the variable loading and WbiiOil COD-
dition. The final consolidation settlf.IIIAentof the 
western and eastern faces of the building worked 
out as 416 mm and 240 mm respectively. 
The estimated total settlement of two sides of 
the building is summarised in 'l'able VI • 
TABLE VI. Total settlement 
Side Settlement (na~ :oi£i!. AnQUlar Imme- COnsoli- Total distor-
'ate dation (fi + fc) 0 t:lon fc i 
West 41 416 45'7 180 st East 37 240 211 
It may be seen that the estimated final settle-
ment as well as the final angular distortion of 
the building would go farbeyond the pe.r:mi:ssible 
limits for a conventional framed stx:ucture. 
Therefore, the foundation as provided for the 
collapsed building was inadequate to support the 
combined loading of the building and the filled-
up soil. The effect of the latter was, perhaps, 
not considered at all.· 
Status of Settlement at the 1'1.-.e of COllaps• 
The estimated settlement of the foundation, as 
given in Table VI, would occur as a long term 
phenomenon after full consolidation of the .ail 
under the applied load is over. In the present 
case, however, the building collapsed $hortly 
after construction when the full consolidation 
settlement was yet to occur. The building took 
one year for construction and six MOnths after 
construction it collapsed. This would .give an 
approximate period of one year durin<;;~ which the 
dead load of the building had been acting on the 
foundation. An analysis of the rate of settlement 
shows that nearly 60% of the consolidation settle-
ment may have occurred during this period. 'fhe 
estimated settlement of the building at the time 
of collapse is shown in Table VI:I. 
TABLE VII. Settlement of Poundation 
Time of collapse 
at the 
Side Settl.ement ~nm2 An9Ular Dune- Consoli- Total distortion diate dation (1-W) 
West 41 240 281 
..!.. East 3'7 138 175 86 
An examination of the settlement data SUIIIINI.rised 
in Table VII shows that the building had already 
undergone considerable differential aettlemeat 
and the angular distortion was aa high ae 1/86 
at the time of collapse. 'l'bis is far in exc:eas 
of the permissible angular distortion forconven .. 
tional framed buildings where no specific desiga 
is made to take account of exceaaiv• angular 
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distortion. Further, the angular distortion would 
be higher than that indicated in Table VII be-
cause of the yielding of the soil under low fac-
tor of safety against bearing capacity failure. 
The structural calculations had shown that the 
beams and columns of the building frame were not 
adequately designed even for dead load and live 
load only. The structural members,would, there-
fore, have no capacity to withstand the additi-
onal stresses due to angular distortion. They 
would have failed under the excessive differen-
tial settlement leading finally to the collapse 
of the building. 
CAUSE OF COLLAPSE 
The R.c.c. framed building had collapsed soon 
after construction. The investigation clearly 
suggested the following cause of collapse of the 
building a 
a. The columns of the building frame were supp-
orted on 1.2 m wide R.c.c. strip footings but the 
dimensions of the strip and two-way interconnec-
tion provided at site indicate that the entire 
foundation behaved more or less as a raft founda-
tion of size 9.2 m x 15.7 m. 
b. The soil in the collapsed building area had 
a bowl-shaped depression with amaximum depth of 
5. 5 m just west of the building. Differential 
lim. 9200 
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FIG. 8 Foundation Pressure Building -4 ( ttm2) 
excavation was made across the building (E-W) 
from the-then existing ground profile to locate 
the foundation at a depth of 5. 32 5 m and the 
area was subsequently filled up. This resulted 
in differential filling on the foundation raft 
giving a non-uniform pressure of 16 t/m2 on the 
western side and 11 t/m2 on the eastern side of 
the foundation. The effect of differential fill-
ing was, perhaps, not taken into consideratiqn 
in the foundation design. 
c. The foundation as provided at site did not 
have adequate factor of safety against bearing 
capacity failure. Even for D.L. only, the factor 
of safety was as low as 1.4. This would lead to 
excessive yielding of the subsoil and the build-
ing must have tilted towards the western face 
due to heavier stress concentration. 
d. Although the consolidation settlement of the 
foundation didnot occur fully at the time of 
collapse, analysis of rate of settlement suggests 
that nearly 60% of the consolidation settlement 
would have occurred in one year after construc-
tion. Further, the settlement would be appreci-
ably more in the western side because of non-
uniformity of subsoil condition anddifferential 
load distribution. All these resulted in an esti-
mated settlement of 281 mrn on the western side 
and 175 mm on the eastern side. These settlements 
are very high and they led to an estimated angu-
lar distortion as high as 1/86 towards the west-
ern side of the building. 
e. The above would affect the stability of the 
building and introduce excessive secondary stre-
sses in the building frame. The structural ele-
ments did not have the capacity to withstand 
these stresses. They gradually failed and ledto 
the ultimate collapse of the building. 
f. Other buildings in the area did not have the 
same situation. There was no major filling in 
these areas and the foundations providedappeared 
adequate. 
-CONCLUSION 
The collapse of a five-storey residential build-
ing soon after construction occurred due to non-
uniform foundation pressure caused by differen-
tial filling on the foundation raft. Factor of 
safety against bearing capacity failure was low. 
This led to appreciable yielding of the subsoil 
towards. the region of heavier stress concentra-
tion. Consequent over-stressing of the struc-
tural elements led to their gradual failure and 
ultimate collapse of the building. 
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